Children with autism spectrum disorders (ASDs) are reported to have food aversions and habitual eating behaviors. [1] [2] [3] [4] [5] The authors of previous studies have examined the nutritional intake of children with ASDs by using 3-day diet diaries, [4] [5] [6] [7] [8] [9] 24 -hour recalls, 10 food frequency questionnaires, 8, [10] [11] [12] [13] [14] food preference, 15 and food variety measures. 5, 12, 16 Compared with siblings, children with ASDs ate a more limited variety of foods. 3, 16 However, although food variety was less, 5, 8, 12, 17 no significant difference in nutrition compared with typically developing controls was consistently identified. 4, 5, 7, 9, 10, 13, 18 The nutrients most commonly reported to be consumed in insufficient amounts include fiber, calcium, iron, and vitamins A, C, and D. [6] [7] [8] [10] [11] [12] [13] [17] [18] [19] Vitamins E, K, B6, B12, folic acid, and zinc have been found to be eaten in insufficient amounts in at least 1 study each. [5] [6] [7] [11] [12] [13] [14] 19, 20 Few authors have examined the additional impact of restricted diets. 19, 21 Conversely, the limited yet repetitive intake of children with ASDs may place them at risk for nutritional excess. 6, 22 BMI (body mass index) is only a gross indicator of nutrition status. Although children with ASDs are reported to have BMI in the typical range, 23 it does not necessarily reflect nutrient sufficiency.
The methodology for dietary analysis of nutrient intake in individuals and populations has been outlined by the Institute of Medicine 24 but has not been uniformly applied in dietary studies of children with ASDs. 4, 7, 9, 10, 13, 14, 19, 25 An additional problem that impacts the interpretation of several studies involving children with ASDs is the use of nutritional analysis software with an incomplete database, which may underestimate nutrient intake thereby overestimating inadequacy. 4, 5, 10 Other studies used the recommended daily allowance (RDA) to measure nutrient adequacy. The RDA is the intake at which 97% to 98% of the population exceeds their needs. Defining the RDA or a percentage of the RDA as insufficient also overestimates the prevalence of deficiency.
This study was undertaken to characterize the nutritional intake of children with ASDs and assess the impact of reported food aversions and restricted diets. It is the largest sample of dietary intake and BMI status of children with ASDs collected and analyzed using current methodology. In this article, the diet and BMI of children with ASDs are compared with the general pediatric population by using the National Health and Nutrition Examination Survey (NHANES) data. 26 Accurate understanding of the unique nutritional risk of children with ASDs relative to other children is important to clinicians who are responsible for nutritional surveillance in primary care and to parents who are concerned about the effects of limited or restricted diets.
METHODS

Sample
Children (2-11 years; N = 367) were recruited between November 2009 and June 2011 from 5 participating Autism Treatment Network (ATN) sites. The ATN is a collaboration of 17 centers across North America funded by Autism Speaks and the Health Resources and Services Administration to establish and study the medical standard of care for individuals with ASDs. 27 Clinical diagnoses of ASDs are supported by the Diagnostic and Statistical Manual IV criteria 28 and the Autism Diagnostic Observation Schedule. 29 De-identified health and behavioral data for participating families who consented through institutional review board-approved protocols are submitted to a central database. Newly enrolled and existing ATN families were invited to participate in this study by the site ATN clinicians and study coordinators. Recruitment was not based on concern about diet or feeding behavior.
Procedures
Height and weight were measured 3 times, and the 2 closest measurements were averaged. BMI and BMI percentile were calculated. History of the child' s dietary restrictions was collected. Total family income was endorsed by the family in the same incremental ranges as the NHANES. 30 Parents completed a 3-day food record containing all food, beverage, and supplements ingested by the child over 3 consecutive days including 1 weekend day. A registered dietitian or trained research assistant at each site used a standardized method to instruct parents how to record intake. The importance of measurement, added ingredients, brands, and label claims was emphasized. The completed form was returned to the ATN site by mail, e-mail, or fax. Supplements, including any vitamins, minerals, botanicals, and amino acids, were recorded on a separate form, which will be analyzed in a future publication. Meal replacements such as specialized formulas were analyzed as a food component and were included in this analysis. Dietitians at each site reviewed the records and contacted the parents for missing details. De-identified food records were sent to the University of Rochester for analysis.
Dietary intake data, the dependent variable, were determined from the 3-day food record by using Nutrition Data System for Research (NDSR) software versions 2009 and 2010, developed by the Nutrition Coordinating Center (University of Minnesota, Minneapolis, MN). 31 NDSR has an extensive food list including 18 000 foods and 7000 brand name items and specialty items. Products may be added to the database. NDSR imputes nutrient content from nutrition facts labels and ingredients existing in the program so the total nutrient intake is not underestimated due to missing values. The NDSR analysis was used to produce average nutrient intakes for 160 nutrients.
Nutrition Variables
The estimated average requirement (EAR) is the average daily nutrient intake level estimatedtomeettherequirementsofhalf of the healthy individuals in a group for nutrients for which an RDA is scientifically established. The cut point method, which reflects the proportion of individuals within a group with inadequate intake, was used to determine the percentage of individuals with intakes below the EAR. 24 Because of its skewed requirement distribution, the full probability approach was used to determine the prevalence of insufficient iron intake. 32 The average intake (AI) is the recommended daily intake based on observed or experimentally determined approximations. It is used for nutrients where data are insufficient to establish an EAR. Intake levels above the AI imply a low prevalence of inadequate intake. Statements regarding inadequacy cannot be made when intakes are below the AI. Therefore, the percentage of children with intakes greater than the AI was determined to reflect sufficiency for those nutrients. 24 Tolerable upper limit (UL) is the highest recommended daily intake level of a nutrient likely to pose no risk of adverse health effects. 24 It is used to assess the potential risk of excessive intake. The percentage of children with intakes greater than the UL from food alone was determined.
BMI status was categorized by using NHANES criteria: ,5th percentile, underweight; .85th percentile, overweight; and .95th percentile, obese.
Data Analysis
The demographic data were summarized with descriptive statistics. To obtain an estimate of usual (or long term) intake data from NDSR, data were adjusted for day to day variability by using the National Cancer Institute (NCI) method. 33, 34 The NCI method models Box-Cox-transformed 24-hour intake observations as a function of observed fixed-effect covariates, unobserved individual-level random effects, and within-individual error. The covariates (sequence and weekend versus weekday) are "nuisance effects" that are explicitly adjusted for in the estimation of usual intake. Complete details of the NCI method and the SAS (SAS Institute Inc, Cary, NC) macros necessary to fit this model and to perform the Monte Carlo-based estimation of usual intake distributions can be found at the NCI Web site. 34 The adjusted nutrient intake was then compared with age and gender appropriate daily recommended intake (DRI) to examine nutritional sufficiency as established by the Institute of Medicine Food and Nutrition Board. 24 The DRIs are a set of reference values used to plan and assess nutrient intakes of healthy people and include the RDA, EAR, AI, and ULs. One sample tests for proportions were used to compare the proportion of our population above or below the DRIs as compared with population-based estimates. 26 All analyses were conducted by using SAS version 9.1 (SAS Institute Inc).
The nutrient intake from diet was also compared with a general population of children collected through NHANES. 35 The NHANES is a continuous survey of ∼5000 people per year from 15 nationally representative communities. It surveys the health and nutritional status of adults and children in the United States by using a complex, stratified, multistage probability cluster sampling design. The NHANES analysis compared with the DRIs lags behind data collection. The most current micronutrient dietary analysis available is from the NHANES 2001-2002 What We Eat In America (WWEIA). 26 A subset of nutrients important to bone health (vitamin D, calcium, phosphorus, and magnesium) was analyzed by using WWEIA [2005] [2006] . 36 To compare macronutrient intake and BMI data from our sample with those from the general US population, we selected comparison groups of boys and girls of similar age from NHANES 2007-2008. 37, 38 Participants in this study were matched on race, ethnicity, and income to the NHANES 30 participants because of the potential impact of these factors on food choice. 39 In most cases, 2 matches from the NHANES were found per study participant. The NHANES 2007-2008 37, 38 was the most recently analyzed sample for BMI and macronutrients and was used for comparison by t test for continuous variables (nutrient intake) and by x 2 tests for categorical variables (BMI category). We used PROC SURVEYMEANS and PROC SURVEYFREQ in SAS 9.1 and appropriate 4-year sample weights.
RESULTS
Participants in this study were 367 children with ASD (2-11 years); 295 completed and returned the 3-day food records. A total of 72 participants agreed to participate in the study, completed BMI and initial forms, but did not complete the 3-day food records. Three 3-day food records were not analyzed because of reported illness in the recording interval. The nutrition data are based on 252 records analyzed at the time of manuscript preparation. The demographics of the sample are described in Table 1 .
Special Diets and Nutritional Supplement Use
A dietary restriction of gluten, casein, or processed sugars as an intervention for ASDs or food allergies/intolerances was reported for 18% of participants.
SUPPLEMENT ARTICLE Supplement use was defined as the use of vitamins, minerals, herbal, or botanical compounds and was reported by 66% of study participants. This compared with 35% of children ages 2 to 13 years in the NHANES and 61% in a national sample of children with chronic disease. 40, 41 BMI Data on 362 participants were compared with a matched NHANES (2007) (2008) population by BMI category ( Table 2 ). The age ranges for the BMI data differ from the DRIs used in nutrient analysis. Children with ASDs aged 2 to 5 years were more likely to be overweight (P , .05) or obese (P , .001) than the NHANES matched cohort. Among children aged 6 to 11 years, proportionately more children with ASDs were underweight than in the NHANES matched cohort (P , .05). Children on restricted diets were more likely to be underweight than those not on restricted diets (P = .02). 37 However, all macronutrient intakes were within the acceptable macronutrient distribution range (AMDR) by age. No differences in macronutrient consumption were found for children younger than 4 and older than 8 years of age (Table 3) .
Macronutrient Intake
Children with ASDs (ages 4-8 years) consumed less energy and lower percentage of protein and greater percentage of carbohydrates on average than the NHANES (2007-2008) matched sample.
Micronutrients Examined by EAR
Insufficient intake of vitamin D in children with ASDs was common with 87% of children younger than 4 years, 89% of those 4 to 8 years, and 79% of those 9 to 11 years below the EAR. There is no comparison group from the NHANES because the vitamin D intake from the 2005-2006 survey was analyzed as an AI not an EAR. A greater percentage of the NHANES controls did not meet vitamin E recommendations although both groups had less than the recommended intake. Children with ASDs ages 4 to 8 years had lower reported intakes of vitamin A, vitamin C, and zinc compared with the NHANES controls. Children ages 9 to 11 years had lower levels of phosphorus intake. The percentage of children with nutrient intake less than the EAR increased with age for vitamins A, C, E, B12, and folate and the minerals zinc and magnesium (Table 4) .
Micronutrients Examined by AI
Consistent with the NHANES data, very few children with ASDs consumed adequate fiber and potassium (Table 5) . There was no difference in the number of nutrients consumed in sufficient amounts, above the EAR/AI, for children in the different weight categories. There was no difference in the number of nutrients consumed in adequate amounts by children with ASDs reported to be on restricted diets and those not on restricted diets (P = .55).
Excess Intake
Many children with ASDs had nutrient intakes above the UL from food alone such as copper, retinol (vitamin A), folic acid, zinc, and manganese (Table 6 ). Elevated intake of sodium was seen for all age groups studied and was greater in the NHANES control group than in the children with ASDs.
DISCUSSION
Our data, on a large, geographically diverse cohort of children with ASDs, identified lower than recommended intakes of vitamins A, D, and K, as well as calcium, choline, fiber, magnesium, phosphorus, and potassium from food sources. These findings confirm previous reports of insufficient intake of calcium, fiber, zinc, and vitamins A, D, and K. 6 36 Patterns of insufficient nutrient consumption by age were identified. Younger children with ASDs were less likely to have insufficient nutrient intake. This may be due to lower absolute requirements and more parental control of foods offered to younger children.
To address the accuracy and reliability of the nutrient data in this study, we focused on 3 critical elements of study design: the tools used to collect intake data, the completeness of the nutrient analysis software, and the appropriateness of the DRI and statistical methods selected to interpret results. Only 1 previous study 8 Although the purpose of this study was to examine the nutrient intake from food in children with ASDs as a group, there were isolated children with very restricted diets. Some of these children * P , .05; **P = .04; ***P = .001; ****P , .001. a Nine through 11 years age category includes boys only because there were too few girls in this age category for analysis. b AMDR is the range of intake for a particular energy source that is associated with reduced risk of chronic disease while providing intakes of essential nutrients. If an individual consumes in excess of the AMDR, there is a potential of increasing the risk of chronic diseases and/or insufficient intake of essential nutrients from other macronutrients. c NHANES population matched for age, gender, race/ethnicity, and socioeconomic status.
were able to achieve nutrient adequacy and others were not. The fortification of foods commonly eaten by children may greatly impact their nutritional status.
Although food frequency questionnaires have been used to assess dietary adequacy, existing tools may not be appropriate for studying the intake of children with ASDs given their selective, repetitive intake. 8, [10] [11] [12] [13] [14] The risk for nutritional insufficiency of children on restricted diets remains an area of concern. Hediger et al 21 found decreased bone cortical thickness in children following a casein-free diet. Decreased calcium intake was not reported by Cornish 19 in a very small postal sample of children with ASDs on casein-free diets, however. Although dairy products and fortified glutencontaining products are an important source of nutrients, we did not find a greater number of nutrient deficits in children reported to be on special diets. The ATN data record all special diets as 1 category. Future analysis of these data will further examine this subset of children.
There is no consensus among previous studies comparing the BMI of children with ASDs and controls. 5, 11, 12, 16, 43, 44 Children with ASDs younger than 5 years of age are more frequently NA, not applicable. *P = .04; **P = .02; ***P = .001; ****P , .001. a Nine through 11 years age category includes boys only because there were too few girls in this age category for analysis. NA, not applicable. *P = .01; **P , .001. a Nine through 11 years age category includes boys only because there were too few girls in this age category for analysis.
overweight or obese. Underweight was more common for children with ASDs aged 6 to 11 years than for the NHANES controls. Preschool children with ASDs spend more time in therapeutic activities, where snacks may be used to reinforce participation, and where children may have less opportunity or interest in active play resulting in overweight. Children with typical development may have more autonomy in food choices and access to food when they reach school age.
Although BMI is an important indicator for healthy weight, it is not necessarily a good indicator of nutrient status. Among children with ASD, there was no difference in the number of nutrients consumed in insufficient amounts across weight categories.
LIMITATIONS
Although this is the largest study of nutrient intake from food in children with ASDs to date, volunteers were predominantly white. It is possible that volunteers for this study who completed the 3-day food record might have been either more concerned about their child' s nutrition or had children with more challenging behaviors. The nutritional data are only as good as the accuracy of the food record and the completeness of nutrition analysis software. This is true for NHANES as well. Despite our efforts, inaccuracies in recording and the database may still exist. Another limitation is the use of the DRIs, which were established for physically healthy individuals with and without developmental disabilities. Whether these recommendations are applicable to children with ASDs is unknown and will require prospective study. Currently they are the best available estimate of nutrient needs of children.
This analysis was complicated by other issues affecting nutritional science including differences in units between the DRIs and food labels, the differences in bioavailability of fortified nutrients, and the changing and extensive fortification of foods. We attempted to address all of these concerns in the analysis. 
SPECIFIC RECOMMENDATIONS AND CONCLUSIONS
The data from this study have several implications. The results indicate the importance of nutritional surveillance in primary care for all children, not just children with ASDs. The rate of nutritional insufficiency is noteworthy in both the children with ASDs and the NHANES controls. Although there is not a simple nutrition screening tool available for children with ASDs at this time, clinicians should obtain a history of mealtime behavior and dietary intake in the context of well child care. 45 Although a varied diet is typically associated with better nutrition, fortification of foods given to children in this age range may allow a less varied diet to meet most nutrient needs. Just because a child with ASDs has a limited variety does not mean that he or she needs additional vitamins or a food supplement. Dietary assessment needs to be considered individually, corroborated with anthropometric and laboratory data, and include consideration of referral to a registered dietitian as necessary. NA, not applicable. *P = .04; **P # .01; ***P , .001. a Nine through 11 years age category includes boys only because there were too few girls in this age category for analysis.
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